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ABSTRACT 











A sampling system has been designed and is under construction at 
Brookhaven National Laboratory that employs a probe appropriate for direct 
extracted sampling of erosive range particulate matter from a coal gasifier 
outlet or a high pressure fluidized bed combustor. The sampling train is 
scheduled to be tested at the Morgantown Energy Technology Center on their 42 
inch coal gasifier unit. This sampling system consists of four modules: 1) a 
null balance extractive probe with injection through a porous lined tube to 
minimize wall loss, 2) a stem type virtual impactor to separate coarse from 
fine particles, 3) a filter tape collector, and 4) a Beta gauge total mass 
detector. The key design feature of this system is a stem type virtual 
impactor which separates at ambient gas stream conditions the coarse particles 
from the samrling stream so that at upon filtration no condensible vapors, 
fine particles or reactive gases pass through the filter tape. This system 
should provide coarse particle mass flux data with a time resolution of thirty 
seconds or better. 


INTRODUCTION 


Erosion by particles greater than 2 microns of turbines located in post 
combustion gas streams from coal fired combustors is currently one of the 
major obstacles to the increased utilization of coal for direct power 
generation either with or without gasification. Various sampling methods 
exist and others are under development fcr the measurement of these erosive 
particles, but there is currently no accepted approach for the measurement of 
post combustion stream, particulate mass content to assert the effectiveness 
of the cleanup devices. Measurement of the particulate mass flux in the 
erosive size range, as it exists under the appropriate high temperature 
pressure conditions and in the presence of hig 
condensible vapors, is needed t 


The v 
established for both laboratory! 
However, care must be these technigues to the problems of 
vironment where there is a presence 
Since condensation, evaporation, and 
within the sampling train can alter the 
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particulate size, density, and composition. The objectives of this work are 
to 1) maintain sample integrity by perserving the representativeness of the 
particulate sample 2) produce readily interpretable data by measuring mass 
directly 3) minimize and measure any errors associated with extractive 


sampling. 


The following sections of this paper details some of the critical design 
features of the Brookhaven National Laboratory sampling train and further 
discusses some of the major problems associated with aspiration sampling. A 
brief theoretical discussion is also being presented to facilitate in 
discussing some of the inherent problems in aspiration sampling. 


Figure l illustrates the distortion in measurement from sampling at a 
higher then free stream velocity. Particles whose stopping distance), are 
larger than the length of the disturbance of stream L vill penetrate past the 
probe, while these with À „<L will enter the probe resulting in a higher mass 
flux measurement of particulate matter. Mathematically this can be modelled 


by the following equation. 
Ms = CgVga = CoVoa + (1 - Gg) CoVolA-a) (1) 


where is the fraction the particles of diameter d that were not collected, 
and so that the complement of (1-24) is the fraction of particles within the 
area (A-a) collected. This equation can be recast in the form for mass flux 
by substituting the following equation. 


aV 
A = p un 
"e 


into equation | and rewriting as the folloving equation. 


e 

E " 

M (1-0) 7 7 +2, 
O O 


The presta for aq has generally been given as a function of the Stokes 


where the Stokes number is defined as 


Stk = —- (4) 


number 


Corrections are needed with this type of model when, the flow is not | 
streamlined, the mass loading of the aerosol is high, and the particle's size 
distribution is polydisperse. Particulate sampling in a turbulent duct flow 
has recently been treated by R. A. Ba jura? and work is underway at Brookhaven 
National Laboratory to investigate sampling high mass loading polydisperse 
aerosols to establish their effects on the stopping distance Ap. The mass 
loading of the process stream is a problem only upstream of the cleanup 
devices but in order to determine a cleanup device efficiency both upstream 
and downstream measurements need to be taken. Typically numbers larger than 
10 grams per cubic meter would qualify an aerosol as having a high mass 














Figure 1 - Particle Trajectories for Sampling AAA. 
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ertz 2 - Sampling Train Module Components 











DESCRIPTION 


Sampling reguirements of particle integrity, artifacts of measurements, 
validity of signal for high temperature, high pressure aerosols have to be 
ressed if meaningful particulate measurements are to be made on 3 
ustion or gasifier process stream. These prcblems as applicable to the 
khaven National Laboratory probe have been addressed by W. Marlow^ and 
, not be reviewed here. 


The sampling train as it is being built at Brookhaven National Laboratory 
onstructed of sections of schedule 40 304 stainless steel pipe, that are 
ected by either l inch or 2 inch ASME rated 300 psi flarges. The hinge 
closures or the tape reels and particle deposition chamber also have a 300 
rating. Thermocouples and pressure transducers are placed along the 
ling train and cooling coils to monitor the system. If anv of these 
als exceeds the safety limit the probe is programmed to go to a safety 

by closing the main valves and purging the system with dry nitrogen. The 
e cap closures are also equiped with safety locks which prohibit opening 
hat part of the train is under high pressure. The electronics, flow 
rs, secondary valves, and data logger are al. included in a heated 
net, not shown in this drawing, which protects them from the environment. 


Figure 2 is a box diagram of the sampling train. The train has been 
gned in module form for two reasons. First, a module design permits 
oring the train for the problems that may exist at the specific sampling 

Secondly, any deficierit module can be easily replaced without major 
signing of the whole probe. 


An ideal sampiing head consists of a flow sensor mounted near the 

ince of thin wall knife edge gas skimmer. The hostile environment of the 
'ss stream eliminates the use of most flow sensors to set the isokinetic 
‚tion and only null balance static pressure taps have been employed 
'ssfully. This system balances the static pressure inside and outside of 
ampling head. However, the thick walls reguired to mount the static taps 
t in a flow disturbance that causes a pressure difference between the two 
even under isokinetic condition. Brookhaven National Laboratory is 


ntly studying this error as well as exploring alternative isokinetic 
rs. 


More than 75% of the particulate matter can se lost in the walls of a 

y designed sampling train.) To overcome this problem, work is being done 
ookhaven National Laboratory on the use of a porous lined sampiing tube. 
al cold tests of preventing wall deposition in a porous tube by the 

tion through the »orous tube of a secondary gas stream have been 

razing. These tests however were performed on the straight section of 

g and further tests are planned to assert whether this technique will 
prevent particle deposition in a right angle bend. The major 


vantages of using porous lined sampling trains are flow control and flow 
rement. 









Figure 3 shows a stem type virtual impactor. The scaling of this device 
follows the theoritical restraints as put forth by V. A. Marple? for the 
overall design of a virtual impactor, and its concentric flow pattern is 
similiar to a virtual impactor built and tested by the H. Masuda®. The 
separator as seen in Figure 3 is built within a 300 psia s.s. orifice flange. 
This unique design has the capability of separating at high temperatures and 
pressures the coarse particles from the process stream, as nitrogen gas is 
leaked through the conical tip of the -tem. This secondary flow of gas helps 
to divide the process stream into concentric flows, and this flow is 
accelerated to about a third of a Mach by the converging nozzle which is 
directed at a knife edge skimmer. The inner most part of this flow, that is 
the nitrogen which came from the stem tip and the coarse particles whose 
inertia carried them into this region, is then separated off into the lower 
section while the remaining stream consisting of condensible vapors, reactive 
gases, and fine particles, is forced to reverse its direction and is removed 
by the tee connection located above the separator. Once the coarse particles 


are removed from the process stream they can be cooled down and collected for 
analysis. 
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The coarse particles are filtered from the gas in the deposition chamber 
by a continuously fed filter tape. This tape runs from the supply reel to the 
take up reel and consists of a one inch wide filter material of glass 
microfibers supported by a glass cloth. The length of the tape is 250 feet 
and it has a temperature limitation of 1200°F. The hinge pipe cap closure 
permits easy access and maintenance of the filtering region. Non-metallic 


seals are used, however, which necessitates selectively cooling the seals to 
temperatures below 500°F. 
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Figure 4 shows construction of the beta gauge. Beta gauges have long 
been recognized as a preferred solution to the problem of automated mass 
measurement of particulate matter in flue gases.’ The theory and operation of 
Beta gauges for particulate mass measurement is given in a paper by P. 
Lilienfeld.8 The BNL gauge consists of a New England Nuclear carbon-14 beta 
source, a Nuclear Enterprize NE-102 plastic scintillator which converts the 
beta particles into a light pulse and a EMI model 9824B photo multiplier tube 
which detects ths light pulses. An analysis of the response data for the 
NE-102 scintillator for .1 to 1 MeV Beta particles has been given by R. L. 
Craun.? The attenuation of the light pulses is directly proportional to the 
amount of mass that is present between the source and the scintillator. A 
reading of the particulate mass on the tape is achieved by recording the 
attenuation of the beta particles and subtracting out the attenuation due to 
the mass of the filter tape and the surrounding gases. The combination of a 
beta sensitive scintillator and a PM tube is used instead of the conventional 
Geiger counter because of its superior frequency response. This permits 
higher counting rates which results in lower statistical counting error. 
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Figure 4 - Beta Gauge Mass Detector 
Figure 3 - Virtual Stem Type Impactor 


CONCLUS 


Brookhaven National Laboratory is co! 
measurement of the total particulate mass 
coal stream. The probe attemps to mainta: 
high mass loading applications. The trai: 
it can be tailored to the particular need: 
accuracy of the system and its components, 
detection have to be determined. Accurate 
velocity and setting c* the isokinetic cor 
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Figure 1 - Particle Trajectories for Sampling (V >V ) 
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